To explain the small neutrino masses, heavy Majorana neutrinos are introduced in the leftright twin Higgs model. The heavy neutrinos, together with the charged scalars and the heavy gauge bosons, may contribute large mixings between the neutrinos and the charged leptons, which may induce some distinct lepton flavor violating processes. We will check thel i ℓ j (i, j = e, µ, τ, i = j) productions in the γγ collision in the left-right twin Higgs model, and find that the production rates may be large in some specific parameter space, in the optimal cases even possible to be detected with reasonable kinematical cuts. we have also shown that these collisions can constrain effectively the model parameters such as the Higgs vacuum expectation value and the right-handed neutrino mass, etc., and may serve as a sensitive probe of this new physics model.
INTRODUCTION
One of the problems of the Standard Model (SM) is that the neutrino oscillation experiments indicate that neutrinos are massive and mix with each other, which manifestly require new physics beyond the SM [1] since in SM the neutrino masses and thus Lepton Flavor Violating (LFV) couplings are missing. The LFV signals, however, are predicted in many new physics models, such as supersymmetry [2] , topcolor assisted technicolor models [3] , little Higgs [4] , Higgs triple models [5] , and the Left-Right Twin Higgs (LRTH) [6] models, etc.
In the LRTH model, to provide the mass origin of the leptons and to explain the small neutrino masses, right-handed heavy neutrinos are introduced. These right-handed heavy neutrinos can realize the mixings of the neutrinos with the leptons, which can induce LFV processes at the proposed International Linear Collider (ILC) [7] , such as the decay µ → eγ [8] . We will in this paper will discuss thel i ℓ j (i, j = e, µ, τ, i = j) productions via the γγ collision in the LRTH model.
Due to its rather clean environment, the ILC can be an ideal collider to probe new physics. At the ILC, in addition to e + e − collision, one can also realize the γγ collision [9] with the photon beams generated by the backward compton scattering of incident electron-and laser-beams.
The γγ collision, however, has two advantages over the e + e − collision of the ILC in probing the LFV interaction [10, 11] . One is that the process e + e − →l i ℓ j occurs only via s-channel, and the rates are suppressed by the photon propagator and the neutral gauge boson propagator. On the contrary, the process γγ →l i ℓ j is free of this. Another is that the backgrounds of the e + e − collision may be not so easy to suppress [10] . Since the γγ collision may be free of many SM irreducible backgrounds, the LFV productions in γγ collision are suitable for detecting the new physics models.
We in this work will study the LFV processes γγ →l i ℓ j (i = j and ℓ i = e, µ, τ )
induced by the gauge bosons W ± , W ± H and charged scrlars φ ± in LRTH models, at the same time, the heavy neutrinos entering the loop. we will find that, due to the existence of the heavy neutrinos, the production in the LRTH model have different properties and rich phenomenology.
This paper is organized as follows. In Sec. II we briefly review the lepton sector of LRTH model and give the couplings involved in our calculation. In Sec. III, we will discuss the contributions from the gauge bosons and the charged scalars. In Sec.IV, on the base of the former discussion, we will show the parameter constraints related to the processes. Finally, conclusions are given in Sec. V.
II. THE LEPTON SECTOR OF THE LRTH MODEL AND THE RELEVANT

COUPLINGS
In the LRTH model [6, 8, 12] , with the global symmetry U(4) × U(4), the Higgs field and the twin Higgs in the fundamental representation of each U(4) can be written as
, respectively. After each Higgs develops a vacuum expectation value (VEV), ). Neutrino oscillations [1] imply that neutrinos are massive, and the LRTH models try to explain the origin of the neutrino masses and mass hierarchy. Three families doublets SU(2) L,R are introduced in the LRTH models to provide lepton masses,
where the family index α runs from 1 to 3.
In the same way as the first two generations of quarks, the charged leptons also obtain their masses via non-renormalisable dimension 5 operators, which for the lepton sector can be written as
which will give rise to lepton Dirac mass terms y ij ν,l f 2 /Λ, once H L and H R acquire VEVs.
The Majorana nature of the left-and right-handed neutrinos, however, makes one to induce Majorana terms ( only the mass section) in dimension 5 operators,
Once H L (H R ) obtains a VEV, both neutrino chiralities obtain Majorana masses via these operators, the smallness of the light neutrino masses, however, can not be well explained.
Then, if we assume that the twin HiggsĤ R (which is forbidden to couple to the quarks to prevent the heavy top quark from acquiring a large mass of order yf ) couples to the right-handed neutrinos, one finds that [8] cĤ
which will give a contribution to the Majorana mass of the heavy right-handed neutrino, in addition to those of Eq.(4).
After the electroweak symmetry breaking, H R andĤ R get VEVs, f andf (Eq. (1)), respectively, we can derive the following seesaw mass matrix for the LRTH model in the
In the one-generation case there is two massive states, a heavy (∼ ν R ) and a light one.
For the case that v < f <f , the masses of the two eigenstates are about m ν heavy ∼ cĤf
The Lagrangian in Eq. (3) induces neutrino masses and the mixings of different generation leptons, which may be a source of lepton flavour violating [8] .
We consider the contributions of the heavy gauge boson, W H , and the charged scalars, φ ± , too. The relevant vertex interactions for these processes are explicated in the follow-
where V H is the mixing matrix of the heavy neutrino and the leptons mediated by the charged scalars and the heavy gauge bosons. The vertexes of φ −l ν L,R can also be expressed in the coupling constants. The φ −l ν R , for example, is also written as ic Hf For the γγ collision at the ILC, the photon beams are generated by the backward
Compton scattering of incident electron-and laser-beams just before the interaction point.
The events number is obtained by convoluting the cross section with the photon beam luminosity distribution and for the γγ collider the events number is obtained by
where dL γγ /d √ s γγ is the photon beam luminosity distribution and σ γγ→l i ℓ j (s e + e − ), with s e + e − being the energy-square of e + e − collision, is defined as the effective cross section of γγ →l i ℓ j . In optimum case, σ γγ→l i ℓ j can be written as [13] (10) where F γ/e denotes the energy spectrum of the back-scattered photon for unpolarized initial electron and laser photon beams given by
The definitions of parameters ξ, D(ξ) and x max can be found in [13] . In our numerical calculation, we choose ξ = 4.8, D(ξ) = 1.83 and x max = 0.83.
B. Amplitudes for γγ →l i ℓ j
Via the coupling in Eq. (7), the Feynman diagrams for the production γγ →l i ℓ j mediated by the charged gauge bosons are shown in Fig [14] . To 
Feynman diagrams for the production γγ →l i ℓ j in the LRTH model, with the triangleand the self-energy-diagrams replaced by the tree level vertex (a), i.e., (b)(c)(d).
obtain this, we split the propagator in Fig.1 (c) into two parts:
In the right-handed terms of Eq. (12), the first term together with Fig.1 (a, d) , and the second term together with Fig.1 (b, e) can be collected into a vertex, irrespectively. Then the momentum dependentl i ℓ j γ vertex, after this arrangement, can be defined as,
where Γl
is the penguin diagram contribution to the totall i ℓ j γ vertex, then the calculation of Fig.1 (a-e) is equivalent to the calculation of the "tree" level process depicted in Fig.2 (a) and (b), which obviously has a simpler structure.
As for the calculation of thel i ℓ j γ vertex, we can firstly give the results from the Lorentz structure, To discuss the contribution of the self energy diagrams, we take Fig.2(c) as an example, and the amplitude can be written as,
The electromagnetic gauge invariance ∂ µ M = 0 has required this term vanishing. So does Fig.2(d) .
So there is only the Fig.2(b) left. When we sum over all the diagrams corresponding to the three intermediate mass eigenstate, note that,
the leading term vanishes via the GIM mechanism,
The Second term, with more powers of k in the denominator, has already cleared away the UV divergence.
The penguin contributions from the heavy gauge bosons and the charged scalars in unitary gauge (ξ → ∞), which are calculated by hands, via Feynman parameterization and Wick rotation, can be written as [15] 
where
and m iν H is the ith generation heavy neutrino mass. p, k is the momentum of production heavier lepton and the photon of the vertex, respectively, and m i is the heavier lepton mass.
As for the box diagram Fig.2(g ) and the bosonic quadruple interaction in Fig.2(h) , we have use the calculating tool of LoopTools [16] .
IV. NUMERICAL RESULTS
In our calculations, we neglect terms proportional to v 2 /f 2 in the new gauge boson masses and also in the relevant Feynman rules. We take the SM parameters as [17] : The internal charged lepton masses, m e , m µ , m τ , however, will be neglected since they are much lighter than the gauge bosons, the charged scalars, or the right-handed neutrinos.
When the gauge boson is mediated in the loop, just as shown in Fig. 1 and Fig. 2 , the relevant parameters are the masses of the gauge bosons m W , m W H and the heavy neutrino m ν H . On the other side, the heavy charged bosons may also contribute large to the lepton flavor changing processes, which can be realized by replacing the heavy gauge bosons with the charged scalars φ ± in Fig.1 and Fig. 2 .
In the Higgs mediated process, in addition to the masses of the charged scalars m φ and the heavy neutrino m ν H , the breaking scales f ,f are also dependent parameters. The light neutrino masses and the charged leptons mixings to the light neutrinos
are quite small, so we here neglect the contributions mediated by the light neutrinos.
We will focus on the heavy neutrinos, which coupling to charged leptons via the charged scalars is proportional to the heavy neutrino mass, i.e, ∼ c Hf
For the masses of the charged scalars and the heavy gauge bosons, we vary their ranges as: 200 ≤ m φ ≤ 1000 GeV [18] (sometimes, extending to 100 GeV) and 1000 ≤ M W H ≤ 5000 GeV [19] .
Note that in the couplings of φ
Hl there exist the mixing terms V kl H s, which parameterize the interactions of the charged leptons with the heavy neutrinos, mediated by both φ ± and W + H , and they can be chosen as the Maki-Nakagawa-Sakata (MNS) matrix V MNS , which diagonalizes the neutrino mass matrix mass [20, 21] : 
where s ij ≡ sin θ ij and c ij ≡ cos θ ij . δ is the CP-phase.
Three mixing angles θ 12 , θ 13 , θ 23 can be chosen as free parameters since the they are different from those of the SM. The contribution of the CP-phase δ, varying from 0 ∼ 2π, can be a free parameter. But we take firstly the three mixing angles θ 12 , θ 13 , θ 23 and the CP-phase δ as [22] [23] [24] [25] [26] 
and in the final discussion we vary them as free parameters. 
The cross sections of the process γγ →μe +ēµ, →μe +ēµ and →μe +ēµ vary as the increasing centre-of-mass energy.
A. The SM Background of the Flavor Changing Processes
The SM backgrounds of the flavor changing production is quite small, since these processes are prohibited in the tree level and suppressed largely in the one-loop level [28] .
The main backgrounds of the τē may be γγ → τ
and γγ → τēν τ ν e , which are suppressed to be 9.7 × 10 −4 fb, 1.0 × 10 −1 fb and 2.4 × 10 −2 fb.If 3.45 × 10 2 fb −1 integrated luminosity of the photon collision [27] is chosen, the production rates of γγ → µē, τē, τμ should be larger than 10 −2 fb to get the 3σ observing significance [28, 29] .
In the calculation, to avoid the collinear divergence, we require that the scattering angle cut | cos θ e | < 0.9 and the transverse momentum cut p e T > 20 GeV, which are the same as the cuts in Ref. [28] . Therefore the requirement of the cross section 10 −2 fb can be used to constraint the parameter such as f , m φ , m W H and m ν H , etc and give the contours between them, just shown as Fig. (4) , Fig. (6) . Since the relation of parameters in γγ →l i ℓ j mediated by the heavy W H is a little simple, we will begin from this channel to discuss the dependence of the parameters. Of course, the process γγ →l i ℓ j should receive the contribution from both the heavy gauge bosons and the charged scalars, and we will discuss this later.
To find the influence of the center-of-mass energy, we plot in Fig.3 that the cross section changing with the increasing √ S, and the results are in our expectation. We can see that the production rates of the three channels are almost in the same order, and the trend of every channel is almost flat, so in our following discussion, we will take √ S = 200 GeV and neglect the minor difference induced by it.
From Fig.3 , we also see that the three curves in our precision range are almost the same, at least in the same order, so we in the followings will only consider one process, for example, theμe +ēµ production.
We will give the contour of m W H and m ν H firstly in Fig. 4 , in which, the W H is taken between 200 and 1000 GeV, but in actual case, we should have a larger m W h , e.g., larger
than 1000 GeV, so we can conclude that if 10 −2 fb limit is assumed, the possibility for m W H and m ν H to survive together is quite small. The VEVs f andf of the two Higgses H andĤ, respectively, are taken as 500 ≤ f ≤ 5000 andf = 10f in this work [8] . The parameters mainly involved are the parameters m W H , m φ , m ν H , the Higgs VEV f , and the mixing matrix V H , which will be emphatically discussed.
We show in Fig.5 the dependence of parameters f , the scalar mass m φ , the heavy neutrino mass m ν H and the heavy chaged boson mass m W H . We also see from in Fig.5 that the dependence of f , m ν H , m φ and m W H is large enough to be detectable in some parameter space, for the 10 −2 limit, with the requirements: f < 1400GeV, m ν H > 6000GeV and looser m φ , m W H .
We notice that in Fig.5 (a)(b) , the f and the m ν H dependence, which have opposite influence on the production rates, i.e., the cross section is increasing with a increasing m ν H , but a decreasing f , which can be understandable since from Eq. (7), we can see that the coupling of φlν H proportional to m ν H , while inverse proportional to f .
The production rates with the m φ in Fig.5(c) , are large, and the total range of the vertical axis is not too wide: 0.009 -0.018 fb, which provide the possibility to measure the scalar mass. which is because in the total production, the scalar contribution dominates so that the change of the heavy gauge boson mass can not affect the production order.
Since in Fig.5 the dependence of f , the scalar mass m H and the heavy neutrino mass m ν H is large, Fig.6 will show the contour of m ν H vs. f (a), f vs. m H (b) and m ν H vs.
In Fig. 6 (a)(c) we can see that the two contours have similar trend with the changing m ν H . With increasing m ν H , the cross section will increase too, so a large m ν H is favored.
We also see in Fig. 6 that in our grossly discussion, if f > 1000 GeV, for the rates to arrive at the detectable production rates, m ν H must be larger than 8190 GeV, while the scalar mass should be smaller than 300 GeV.
In Fig. 6(b) we see the contour between m φ and f , and the surviving space is quite small, which is understandable since the largest contribution comes from the mass of the heavy neutrino, and we take m ν H = 1000 GeV in Fig.6 (b) , which is not enough to obtain a big production rate, so to arrive at the required cross sections, f or m φ should not too large, which limit them in a small possible space. dependence of these mixing parameters. We find that the cross sections vary large in some ranges but in total are gradual, especially the curve of Fig.7(d) .
In Fig.7 (a)(b), there are sharp points when c 12 = 0 or c 13 = 0, and we can find the reason in the expression of the mixing matrix in Eq. (18), in which, the element V 12 and V 13 are proportional to s 12 and s 13 , respectively. c 12 = 0 or c 13 = 0, s 12 = 1 or s 13 = 1 will contribute quite large.
V. CONCLUSION
Charged scalar-and gauge boson-mediated lepton flavor changing productions ofl i ℓ j (i = j) via γγ collision at the ILC have been performed. We find that in a certain parameter space, the production rates of γγ →l i ℓ j (i = j) may arrive at 10 −2 fb, which means that we may have serval events each year for the designed luminosity of about 345 fb −1 /year at the ILC. Due to the negligible observation of suchl i ℓ j events in the SM, it would be a detection to the left-right twin Higgs models in the lepton sector.
And more important, if we cannot detect the process, this may constrain the parameters strictly. For example, if the process is undetectable, we can give a upper limit of the Higgs breaking scale f . We can see from Fig.5(a) , to arrive at the cross section 10 −2 fb, f should be less than 1.4 TeV in the set parameter space.
Moreover, since the LFV couplings are closely related to the heavy neutrino masses,
we may obtain interesting information for the heavy neutrino masses if we could see any signature of the LFV processes. In Fig.5(b) , to arrive at the cross section 10 −2 fb, the heavy neutrino mass m ν H should be larger than 6 TeV in the given parameter space.
Therefore, these LFV processes may serve as a sensitive probe and a strict constraint of this kind new physics models. 
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